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Abstract
We consider CP-violating effects in τ→ 3piντ and 4piντ (∆S = 0), and τ→ Kpipiντ (∆S = 1), assuming that the usual
Standard Model amplitudes for these processes interfere with analogous amplitudes mediated by a charged Higgs
boson. In the ∆S = 0 case we focus specifically on the intermediate resonant processes τ → Vpiντ (with V = ω, ρ,
and a1), and consider three CP-odd observables – the partial rate asymmetry, a polarization-dependent asymmetry
and a triple-product asymmetry. In the ∆S = 1 case we examine the partial rate asymmetry, two “modified” rate
asymmetries, and a triple-product asymmetry. The partial rate asymmetry is expected to be small for both the ∆S = 0
and ∆S = 1 cases. Evaluation of the other asymmetries indicates that they could potentially be measurable.
1. Introduction
It is currently expected that the Standard Model (SM)
is a low-energy approximation to a more fundamental
theory. Models of New Physics (NP) typically predict
the existence of new, heavy particles. In general, there
are two approaches to searching for NP. One approach
is to produce the new particle(s) directly at a collider.
Another approach is to search for NP effects at low en-
ergies through the virtual production of new particles.
Extensions of the SM typically contain new sources of
CP violation. Thus, in the “low-energy” approach to
searching for NP, searching for CP-odd signals can be
particularly effective [3], particularly if the SM process
does not violate CP.
In general, non-zero CP-violating asymmetries re-
quire that more than one amplitude contributes to the
process in question. Furthermore, there needs to be a
relative weak phase between contributing amplitudes.
The simplest type of CP asymmetry is the partial rate
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asymmetry (PRA), which is non-zero if the partial rates
for the process and CP-conjugate process are different.
The PRA is a “global” CP asymmetry (see Ref. [3]).
Alternatively, it is possible to construct local asymme-
tries [3], which can in principle be larger.
2. CP violation in τ → Npiντ (∆S = 0)
The ∆S = 0 hadronic τ decays are dominated by the
W-exchange diagram in the SM (see Fig. 1). To the
extent that the decays are each described by a single
amplitude within the context of the SM, CP-violating
effects require the interference of the SM amplitude
with a NP amplitude.1 Some possible NP contribu-
tions that one could consider are those involving a new
WR-exchange diagram or a charged Higgs diagram (see
Fig. 1). CP-violating effects are likely to be very small
in the WR case, since they are suppressed by the neu-
trino mass or by WL − WR mixing, so we will consider
only the case where the NP effects are due to the ex-
change of a charged Higgs boson. Higgs couplings to
fermions would typically be proportional to quark or
1In this work we do not consider the SM CP-violating asymmetry
discussed in Ref. [4].
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Figure 1: SM W-exchange diagram (left) and two possible NP contri-
butions for the ∆S = 0 case.
lepton masses. In this case, such couplings would lead
to a suppression, since mu and md are so small. Thus, in
order for there to be a non-negligible effect, we will as-
sume that the exchanged Higgs has “non-standard” cou-
plings.
Let us focus on the case of resonant production, con-
centrating in particular on the modes τ → ωpiντ, τ →
a1piντ and τ → ρpiντ. For the purpose of the numerical
work, we will consider the ω and a1 cases. The gen-
eral structure for the SM hadronic current for τ→ Vpiντ
(with V = ω, a1, ρ) is given by [5, 6],
Jµ ≡ 〈V(q1)pi(q2)|dγµ(1 − γ5)u|0〉
= F1(Q2)
(
Q2µ1 − 1 · q2Qµ
)
+F2(Q2) 1 · q2
(
qµ1 − qµ2 − Qµ
Q · (q1 − q2)
Q2
)
+iF3(Q2) εµαβγ1αq1βq2γ + F4(Q2) 1 · q2Qµ,
where Q ≡ q1 + q2, F1-F4 are form factors and 1 de-
notes the polarization tensor for V . Note that F4 is ex-
pected to be very small [6]. In order to take into account
the NP contribution, we parameterize the hadronic cur-
rent for the Higgs contribution as follows [1],
JHiggs = 〈V(q1)pi(q2)|d(a + bγ5)u|0〉
=
{ b fH 1 · q2, V: vector,
a fH 1 · q2, V: axial-vector,
where a and b parameterize the Higgs couplings and
fH is a form factor. The parameters a and b can in
principle contain CP-violating (“weak”) phases, while
the form factors F1-F4 and fH can have CP-conserving
(“strong”) phases.
2.1. Partial Rate Asymmetry
Let us consider first the PRA, which can be zero if
the widths for the process (Γ) and CP-conjugate process
(Γ) are different. The PRA is defined as follows,
ACP ≡ Γ − Γ
Γ + Γ
=
∆Γ
Γ + Γ
. (1)
For the vector meson case (e.g., V = ω), we find,
∆Γ=
∫
g(Q2)|b fHF4|sin(δ4 − δH) sin(φb) dQ2,
where δ4 and δH represent possible strong phases asso-
ciated with F4 and fH , respectively, and where φb rep-
resents the weak phase associated with the parameter
b. (For more details regarding the form of the function
g(Q2), please see Ref. [1].) The above expression is
suppressed by F4, and so the PRA is likely to be quite
small. A similar result holds for the axial vector case.
2.2. Polarization-dependent rate asymmetry
The PRA is small because it involves the interference
of terms containing fH and F4. A more promising ap-
proach could thus be to construct CP-violating quanti-
ties involving fH and F1, F2 or F3. One possibility is
to weight the integral for the differential width in such a
way that such terms are extracted. The use of one par-
ticular angle allows us to construct an asymmetry that
depends on SM-NP cross-terms containing F1 f ∗H and
F2 f ∗H . Working in the hadronic rest frame, we weight
the integral for the differential width by cos(β), where β
is an angle defined in the hadronic rest frame [1]. This
of course assumes that β can be measured, which could
be a challenge if V corresponds to a broad resonance.
Having weighted the integral for the differential width
in this manner, we can then construct a CP-odd quan-
tity by subracting the corresponding quantity for the CP-
conjugate process,
A〈cos β〉CP =
∆Γ〈cos β〉
Γsum
, (2)
where Γsum ≡ Γ + Γ. For the numerator of the above
expression, we find,
∆Γ〈cos β〉 =
∫ [
g1(Q2)|F1| sin(δ1 − δH)
+g2(Q2)|F2| sin(δ2 − δH)
]
|a fH | sin(φa)dQ2,
where the functions g1(Q2) and g2(Q2) depend on the
polarization of the τ, δ1 and δ2 are strong phases, and φa
is a weak phase (see Ref. [1] for details). The form fac-
tors F1 and F2 are expected to be appreciable for the
case V = a1; for further discussion and a numerical
analysis, see Ref. [1], where it is noted that asymmetries
of order 15% are consistent with experimental uncer-
tainties for the V = a1 case. An experimental challenge
in this case will be that the a1 is a broad resonance.
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2.3. Triple-product asymmetry
If the momentum of the τ can be measured, a triple-
product asymmetry can be constructed that depends on
the F3 term in the SM hadronic current. Here we con-
sider the case V = ω, since F3 is the dominant form
factor in this case. Furthermore, the ω is a narrow reso-
nance. Assuming that the τ is unpolarized, we find [1],2
ΓTP ∼ Im(b fHF∗3)(~1 · ~q1)~1 · (~pτ × ~q1), (3)
where ~pτ is the momentum of the τ in the hadronic rest
frame. A CP-odd asymmetry can be formed by compar-
ing the process and CP-conjugate process,
ATPCP =
∆ΓTP
Γsum
, (4)
where,
∆ΓTP∼ (~1 ·~n1)(~1 ·~n2)|b fHF3|cos(δ3−δH)sin(φb),
with ~n1 and ~n2 being direction vectors and δ3 and φb
being a strong and weak phase, respectively. For this
asymmetry one needs to measure the polarization of the
ω (see Ref. [7] for a related discussion). Numerical es-
timates made in Ref. [1] indicate that uncertainties in
the partial width allow for an asymmetry of order 30%
multiplied by (~1 · ~n1)(~1 · ~n2).
3. CP violation in τ → Kpipiντ (∆S = 1)
Let us now consider CP violation in the case τ →
Kpipiντ, which is similar to the ∆S = 0 case considered
above, except that d → s in Fig. 1. Once again we
will concentrate on the case in which the NP contribu-
tion is due to the exchange of a charged Higgs boson.
For this case we will consider the PRA, two “modified”
rate asymmetries and a triple-product asymmetry, all of
which will be CP-odd.
The general structure of the SM hadronic current for
τ− → K−pi−pi+ντ may be expressed in terms of form
factors F1-F4 as follows [8],
Jµ ≡ 〈K−(p1)pi−(p2)pi+(p3)|s¯γµ(1 − γ5)u|0〉
=
[
F1(s1, s2,Q2)(p1 − p3)ν
+F2(s1, s2,Q2)(p2 − p3)ν
]
T µν
+iF3(s1, s2,Q2)µνρσp1νp2ρp3σ
+F4(s1, s2,Q2)Qµ , (5)
2In this and some subsequent expressions, the “∼” symbol is used
to denote the fact that various factors and the integration over phase
space have been omitted for clarity.
where Qµ = (p1 + p2 + p3)µ, T µν = gµν − QµQν/Q2
and s1,2 = (Q − p1,2)2. Once again, F4 is expected to be
small; also, a triple-product can be formed using the F3
term. The form factors F1-F3 can arise via various reso-
nances, as described in Ref. [9]. The Higgs contribution
can be expressed through an effective Hamiltonian as
follows [2],
HNPeff =
GF√
2
sin θcν¯τ(1+γ5)τ
[
ηS s¯u + ηP s¯γ5u
]
+h.c.,
where the parameters ηS and ηP could in principle con-
tain weak phases. Defining the pseudoscalar form fac-
tor,
〈K−(p1)pi−(p2)pi+(p3)|s¯γ5u|0〉 = fH , (6)
we see that CP-odd observables will involve cross-terms
between the (SM) form factors F1-F4 and the (NP) form
factor fH .
3.1. Partial rate asymmetry
Defining the PRA as above [see Eq. (1)], we find,
∆Γ ∼ |F4 fHηP| sin(δ4 − δH) sin(φP), (7)
where δ4 and δH are strong phases associated with F4
and fH , respectively, and φP is the weak phase associ-
ated with ηP. As was the case above, the PRA is sup-
pressed by F4, and is thus likely to be very small.
3.2. Three other CP-odd asymmetries
Since the PRA is likely to be small, it may be more
fruitful to use asymmetric integration prescriptions for
the integrals over phase space in order to extract other
SM-NP cross terms (i.e., those depending on F1−3 in-
stead of F4) from the differential width. Reference [2]
defines three such prescriptions in terms of two of
the Euler angles in the hadronic rest frame (see also
Refs. [8, 10]). These integration prescriptions pick out
different terms from the differential width. We denote
these altered differential widths by dΓi, with i = 1, 2, 3.
The altered differential widths can then be compared to
their counterparts from the CP-conjugate process, and
CP-odd asymmetries can be formed as follows,
A(i)CP =
1
Γ + Γ
∫ (
dΓi
dQ2 ds1 ds2
− dΓi
dQ2 ds1 ds2
)
dQ2 ds1 ds2 . (8)
Assuming, for simplicity, that fH is real and positive,
and omitting various factors, as well as the integration
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over phase space (please see Ref. [2] for further details),
we find,
A(1)CP ∼ Im(F1 − F2) fHIm(ηP),
A(2)CP ∼ Im[F1(p1 − p3)x+F2(p2 − p3)x] fHIm(ηP),
A(3)CP ∼ Re(F3) fHIm(ηP),
where the various momenta are defined in the hadronic
rest frame. We refer to the first two asymmetries as
modified rate asymmetries. The third is a triple-product
asymmetry. All three asymmetries, being CP-odd, de-
pend on the imaginary part of the NP parameter ηP.
A numerical analysis of the three asymmetries was
performed in Ref. [2]. The analysis was guided by
CLEO data for the forms of F1 and F2 [11] and by theo-
retical considerations [9] for F3. The normalization for
the F3 contribution was fixed such that it contributed 5%
to the partial width. Furthermore, F4 was set to zero and
fH was assumed to be constant, for simplicity. The over-
all normalization was fixed by the BABAR result for the
branching ratio [12]. More recent BABAR [13, 14] and
Belle [15] data was not used in the analysis. Under the
assumption that fH is a real, positive constant, each of
the three asymmetries has the following form upon in-
tegration over phase space,
A(i)CP = a
(i)
CP fHIm(ηP), (9)
where a(i)CP is a numerical factor obtained by integrat-
ing over phase space. As noted in Ref. [2], it is use-
ful to define differential quantities, da(i)CP/dX, with X =
MKpipi,MKpi,Mpipi and cos θ (where θ is an angle defined
in the τ rest frame [2]). Figure 3 in Ref. [2] shows
plots of the differential quantities da(i)CP/dX. It is evi-
dent from these plots that each of the coefficients a(i)CP
suffers some amount of cancellation upon integration
over phase space. Reference [2] contains a discussion
of how one might mitigate these cancellations to some
degree by altering the definitions of the asymmetries.
Assuming that | fHηP| is such that the NP contribution
to the BR saturates the experimental uncertainty, it was
found that the maximum values for the (altered) CP-odd
asymmetries ranged from being of order 1% to being of
order 5%. More realistic values for fH and ηP would
likely tend to reduce the maximal possible asymmetries
somewhat further.
4. Concluding remarks
Hadronic τ decays provide a promising avenue to
search for CP-odd signals of NP, particularly for evi-
dence of a charged Higgs. While partial rate asymme-
tries are likely to be small in the decays modes consid-
ered here, one can construct other CP-odd asymmetries
as well, and in these cases, moderate to significant sig-
nals are possible. Further refinement of the decay dis-
tributions and determination of form factors will allow
for a more precise analysis of CP-odd quantities.
Acknowledgments: I would like to thank the confer-
ence organizers for their invitation and support. I am in-
debted to my collaborators – K. Little, A. Datta, D. Lon-
don, M. Nagashima, P.J. O’Donnell and A. Szynkman.
I would also like to thank the following people for
helpful correspondence and/or discussion: H. Hayashii,
M. Roney, S. Banerjee, I. Nugent and I. I. Bigi. The
work described here was supported by the U.S. National
Science Foundation under Grants PHY-0301964, PHY–
0601103 and PHY-1215785.
References
[1] A. Datta, K. Kiers, D. London, P. J. O’Donnell and
A. Szynkman, Phys. Rev. D 75 (2007) 074007 [Erratum-ibid.
D 76 (2007) 079902] [hep-ph/0610162].
[2] K. Kiers, K. Little, A. Datta, D. London, M. Nagashima and
A. Szynkman, Phys. Rev. D 78 (2008) 113008 [arXiv:0808.1707
[hep-ph]].
[3] I. I. Bigi, arXiv:1210.2968 [hep-ph].
[4] I. I. Bigi and A. I. Sanda, Phys. Lett. B 625 (2005) 47 [hep-
ph/0506037].
[5] R. Decker, Z. Phys. C 36 (1987) 487.
[6] R. Decker and E. Mirkes, Z. Phys. C 57 (1993) 495.
[7] G. -H. Wu, K. Kiers and J. N. Ng, Phys. Rev. D 56 (1997) 5413
[hep-ph/9705293].
[8] J. H. Kuhn and E. Mirkes, Z. Phys. C 56 (1992) 661 [Erratum-
ibid. C 67 (1995) 364].
[9] R. Decker, E. Mirkes, R. Sauer and Z. Was, Z. Phys. C 58 (1993)
445.
[10] U. Kilian, J. G. Korner, K. Schilcher and Y. L. Wu, Z. Phys. C
62 (1994) 413.
[11] D. M. Asner et al. [CLEO Collaboration], Phys. Rev. D 62
(2000) 072006 [hep-ex/0004002].
[12] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 100
(2008) 011801 [arXiv:0707.2981 [hep-ex]].
[13] I. M. Nugent, SLAC-R-936.
[14] I. M. Nugent, these proceedings.
[15] M. J. Lee et al. [Belle Collaboration], Phys. Rev. D 81 (2010)
113007 [arXiv:1001.0083 [hep-ex]].
